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(57) ABSTRACT 

A method of fabricating a Semiconductor device includes the 
Steps of forming an amorphous Semiconductor film on a 
Substrate, oxidizing the Surface of the amorphous Semicon 
ductor film in an atmosphere containing water vapor and 
oxygen, and removing the oxide film which is formed on the 
Surface of the Semiconductor film. 
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Fig. 8 
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Fig. 9 
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SEMCONDUCTOR DEVICE 
MANUFACTURING WITH AMORPHOUS 
FILM CYRSTALLIZATION USING WET 

OXYGEN 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of treating a 
Semiconductor film and a method of fabricating a Semicon 
ductor device, and more particularly, it relates to a method 
of treating a Semiconductor film of amorphous Silicon or the 
like which can reduce impurity concentration and a method 
of fabricating a Semiconductor device with the Semiconduc 
tor film. 

2. Description of the Background Art 
In recent years, a Semiconductor device employing a 

Semiconductor layer of polycrystalline Silicon which is 
much higher in carrier mobility than amorphous Silicon has 
attracted much attention. Such a Semiconductor device 
includes a thin film transistor (TFT). 
A conventional method of fabricating a thin film transistor 

employing the So-called Solid-phase epitaxy of obtaining a 
polycrystalline Silicon film by epitaxially growing an amor 
phous silicon film in a solid phase. FIGS. 17(a) to 17(e) and 
18(f) to 18(i) illustrate steps of fabricating a thin film 
transistor which is employed as a pixel driving element of a 
conventional liquid crystal display. 

First, a quartz substrate 101 is prepared, as shown in FIG. 
17(a). 

Then, an amorphous silicon film 102 is formed on the 
quartz substrate 101 by CVD (chemical vapor deposition) 
under conditions of a temperature of 500 to 600 C. and an 
SiH flow rate of 50 sccm, as shown in FIG. 17(b). 

Further, the amorphous silicon film 102 is epitaxially 
grown in a Solid phase in an atmosphere of nitrogen gas 
which is inert gas, to obtain a polycrystalline Silicon film 
103, as shown in FIG. 17(c). The conditions for the solid 
phase epitaxy are N gas of 4 1/min., a temperature of 500 
to 650 C., and a time of several hours to 100 hours. 

Then, a gate insulating film 105 is formed on the poly 
crystalline silicon film 103, as shown in FIG. 17(d). 

Further, a polycrystalline Silicon film for defining a gate 
electrode 106 is formed on the gate insulating film 105 by 
thermal CVD, as shown in FIG. 17(e). A heat treatment is 
performed in an Natmosphere at a temperature of 1050 C. 
for 60 minutes, and thereafter the polycrystalline silicon film 
is patterned to form the gate electrode 106. This gate 
electrode 106 may alternatively be prepared from a metal 
Such as aluminum (Al) or chromium (Cr), by vapor depo 
Sition or Sputtering. 

Thereafter holes 107 are formed in the gate insulating film 
105 by anisotropic etching, as shown in FIG. 18(f). An 
n-type impurity 108 such as phosphorus (P) is doped by ion 
implantation or the like, and thereafter a heat treatment is 
performed in an N atmosphere at a temperature of 900 C. 
for 30 minutes, for forming n-type drain and Source regions 
109 and 110 in the polycrystalline silicon film 103. 

Further, a Storage capacitive electrode 111 consisting of 
ITO (indium tin oxide) or the like is formed on a pixel part 
region of the quartz Substrate 101 by Sputtering, as shown in 
FIG. 18(g). 

Further, a gate electrode 112 consisting of a metal Such as 
molybdenum (Mo), metal silicide or polycrystalline Silicon 
is formed on the gate electrode 106 by Sputtering, as shown 
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2 
in FIG. 18(h). Further, an interlayer insulating film 113 
consisting of Silicon nitride or the like is formed on the 
overall Surface, and the interlayer insulating film 113 is 
partially removed by etching or the like, for forming contact 
holes 114 on the drain and source regions 109 and 110. 

Thereafter a pixel electrode 115 consisting of ITO is 
formed on the interlayer insulating film 113 located on the 
pixel part by sputtering, as shown in FIG. 18(i). The pixel 
electrode 115 is electrically connected with the source 
region 110 through the contact hole 114. Further, a conduc 
tive film is formed on the overall Surface and patterned, 
thereby forming a drain electrode 116 and a Source electrode 
117 which are connected to the drain region 109 and the 
Source region 110 respectively. 

Through the aforementioned Steps, a polycrystalline Sili 
con TFT Serving as a pixel driving element of a liquid crystal 
display (LCD) is completed. 
As hereinabove described, the conventional TFT employs 

a polycrystalline Silicon film which is formed by Solid-phase 
epitaxy under an inert gas atmosphere as an active layer. 
When solid-phase epitaxy of the amorphous silicon film is 
made in an atmosphere of inert gas Such as nitrogen gas, 
however, the Surface of the polycrystalline Silicon film is 
extremely irregularized. 

FIG. 19 is a characteristic diagram showing Surface 
roughness of a polycrystalline Silicon film which is formed 
from an amorphous Silicon film prepared from Silane (SiH) 
gas through AFM (atomic force microscopy). As shown in 
FIG. 19, the mean surface roughness of the polycrystalline 
silicon film is 4.85 A while the maximum irregularity 
(difference between maximum and minimum values) is 19.5 
A. Thus, it is understood that the Surface is extremely 
Stepped. When Such a polycrystalline Silicon film is 
employed as an active layer of a thin film transistor, carriers 
are disadvantageously Scattered by the irregular Surface of 
the polycrystalline silicon film, to deteriorate drivability of 
the thin film transistor. 
To this end, there has been Studied a method of polishing 

Such an irregular Surface of the polycrystalline Silicon film 
(Appl. Phys. Lett., Vol. 64, No. 17, pp. 2273-2275, Apr. 25, 
1994). 
According to this method, an amorphous Silicon film is 

formed on an SiO film, which is formed by thermal 
oxidation, by low pressure CVD, and converted into a 
polycrystalline silicon film. Then the surface of the poly 
crystalline Silicon film is flattened by mechanical or chemi 
cal polishing, and thereafter the flattened polycrystalline 
silicon film is employed as an active layer of a TFT. 

In order to carry out the mechanical or chemical 
polishing, however, an expensive machine is necessary and 
Sufficient care is required for maintenance/management of 
the polishing machine for continually maintaining the 
machine in the same condition. Thus, the fabrication cost is 
disadvantageously increased. 

Further, the polycrystalline silicon film which is formed 
by the aforementioned method contains an impurity Such as 
oxygen. It is preferable to minimize the concentration of 
Such an impurity, which causes crystal defects etc. in the 
film. However, it is known in the art that reduction of 
impurity concentration Such as oxygen concentration is 
limited in a fabrication process employing the present film 
forming device Such as a CVD device, for example, and that 
reduction of oxygen concentration is particularly difficult. 
For example, the lower limit of reduction in oxygen con 
centration during film formation is about 10' cm in a 
plasma CVD device, an LP-CVD (low pressure CVD) 
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device or the like. Therefore, a polycrystalline silicon film 
which is obtained by solidphase epitaxy after formation of 
an amorphous Silicon film contains a large quantity of 
oxygen which is an impurity, and the characteristics of a 
TFT are deteriorated by crystal defects resulting from the 
presence of oxygen. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a 
method of fabricating a Semiconductor device which can 
Smooth the Surface of a Semiconductor film crystallized from 
an amorphous State. 
A Second object of the present invention is to provide a 

method of treating a Semiconductor film which can reduce 
impurity concentration in the Semiconductor film and a 
method of fabricating a Semiconductor device. 
A method of fabricating a Semiconductor device accord 

ing to a first aspect of the present invention comprises the 
Step of forming a polycrystalline Silicon film by Supplying 
external energy in an atmosphere containing gas which 
contains at least one oxygen. 

According to the first aspect, the external energy is 
preferably Supplied by Solid-phase epitaxy or melt recryS 
tallization. 

In a preferred embodiment according to the first aspect, 
the method comprises the Steps of forming an amorphous 
Silicon film on a Semiconductor Substrate or an insulating 
Substrate, and forming a polycrystalline Silicon film by 
performing Solid-phase epitaxy or melt recrystallization of 
the amorphous Silicon film in an atmosphere at least con 
taining gas containing that includes oxygen. 

In the aforementioned embodiment, the method prefer 
ably further comprises a step of employing the polycrystal 
line Silicon film as an active layer. A thin film transistor, an 
SRAM or a CCD can be fabricated by employing the 
polycrystalline film as an active layer. 

The first aspect of the present invention includes the 
following Subject matter: 

(1) A method of fabricating a semiconductor device 
characterized in that a polycrystalline Silicon film is 
formed by Supplying external energy in an atmosphere 
containing gas containing at least the oxygen element. 

(2) The method of fabricating a semiconductor device in 
accordance with the above item (1), wherein the exter 
nal energy is Supplied by Solid-phase epitaxy or melt 
recrystallization. 

(3) A method of fabricating a semiconductor device 
comprising the Steps of forming an amorphous Silicon 
film on a Semiconductor Substrate or an insulating 
Substrate, and forming a polycrystalline Silicon film by 
performing Solid-phase epitaxy or melt recrystalliza 
tion of the amorphous Silicon in an atmosphere at least 
containing gas containing oxygen element. 

(4) A thin film transistor employing a polycrystalline 
silicon film which is formed by the method of fabri 
cating a Semiconductor device according to any of the 
above items (1) to (3). 

(5) An SRAM employing a polycrystalline silicon film 
which is formed by the method of fabricating a semi 
conductor device according to any of the above items 
(1) to (3). 

(6) A CCD employing a polycrystalline silicon film which 
is formed by the method of fabricating a Semiconductor 
device according to any of the above items (1) to (3). 

(7) A method of fabricating a thin film transistor com 
prising the Steps of: 
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4 
forming a gate insulating film on a polycrystalline 

silicon film which is formed by the method of 
fabricating a Semiconductor device according to any 
of the above items (1) to (3); 

forming a gate electrode on the gate insulating film; and 
forming a Source region and a drain region in the 

polycrystalline Silicon film. 
(8) The method of fabricating a thin film transistor in 

accordance with the above item (7), further comprising 
the Steps of: 
forming an interlayer insulating film on the overall 

Surface of the device, 
forming contact holes in the interlayer insulating film to 

be in contact with the Source and drain regions, and 
forming a Source electrode and a drain electrode. 

(9) A display employing the thin film transistor described 
in the above item (4) as a pixel driving element. 

(10) A liquid crystal display employing the thin film 
transistor described in the above item (4) as a pixel 
driving element. 

(11) A display employing a thin film transistor which is 
fabricated by the method of fabricating a thin film 
transistor described in the above item (7) or (8). 

(12) A liquid crystal display employing a thin film tran 
sistor which is fabricated by the method of fabricating 
a thin film transistor described in the above item (7) or 
(8). 

(13) A driver-integrated liquid crystal display employing 
a thin film transistor which is fabricated by the method 
of fabricating a thin film transistor described in the 
above item (7) or (8) as a pixel driving element of a 
driver-integrated liquid crystal display having a pixel 
part and a peripheral driving circuit part which are 
formed on the same Substrate. 

A method of treating a Semiconductor film according to a 
Second aspect of the present invention is characterized in 
that the Surface of the Semiconductor film is oxidized in an 
atmosphere containing water vapor. 

In the treatment method according to the Second aspect, 
the Surface of the Semiconductor is preferably oxidized in an 
atmosphere containing water vapor and oxygen. 

Throughout the Specification, the term "oxygen’ in the 
wording "atmosphere containing water vapor and oxygen 
includes not only oxygen gas but the oxygen element, and 
therefore the atmosphere may contain oxidative gas includ 
ing the oxygen element Such as CO or NO. 

In the method according to the Second aspect, impurity 
concentration in the Semiconductor film can be reduced by 
oxidizing the Surface of the Semiconductor film in an atmo 
Sphere containing water vapor or an atmosphere containing 
water vapor and oxygen. 

In the treatment method according to the Second aspect, 
the semiconductor film is preferably oxidized by a heat 
treatment. 

In the treatment method according to the Second aspect, 
the Semiconductor film is preferably amorphous. 

In the treatment method according to the Second aspect, 
the semiconductor film is preferably oxidized by a heat 
treatment, So that the amorphous Semiconductor film is 
crystallized by the heat treatment. 

In the treatment method according to the Second aspect, 
the amorphous Semiconductor film is preferably crystallized 
by Solid-phase epitaxy or melt recrystallization. 

In the treatment method according to the Second aspect, 
the Semiconductor film is preferably a Silicon film. 
A method of fabricating a Semiconductor device accord 

ing to the Second aspect of the present invention comprises 
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the Steps of forming an amorphous Semiconductor film on a 
Substrate, oxidizing the Surface of the amorphous Semicon 
ductor film in an atmosphere containing water vapor, and 
removing an oxide film which is formed on the surface of the 
Semiconductor film. 
The method of fabricating a Semiconductor device 

according to the Second aspect preferably comprises the 
Steps of forming an amorphous Semiconductor film on a 
Substrate, oxidizing the Surface of the amorphous Semicon 
ductor film in an atmosphere containing water vapor and 
oxygen, and removing an oxide film which is formed on the 
Semiconductor film. 
A first embodiment of the method of fabricating a semi 

conductor device according to the Second embodiment com 
prises the Steps of forming an amorphous Semiconductor 
film on a Substrate, heat treating the amorphous Semicon 
ductor film in an atmosphere containing water vapor thereby 
crystallizing the amorphous Semiconductor film and oxidiz 
ing its Surface, and removing an oxide film from the Surface 
of the semiconductor film. 

The first embodiment of the method of fabricating a 
Semiconductor device according to the Second embodiment 
preferably comprises the Steps of forming an amorphous 
Semiconductor film on a Substrate, heat treating the amor 
phous Semiconductor film in an atmosphere containing 
water vapor and oxygen, thereby crystallizing the amor 
phous Semiconductor film and oxidizing its Surface, and 
removing an oxide film from the Surface of the Semicon 
ductor film. 

In the first embodiment of the method of fabricating a 
Semiconductor device according to the Second aspect, the 
amorphous Semiconductor film is preferably crystallized by 
Solid-phase epitaxy or melt recrystallization. 
A Second embodiment of the method of fabricating a 

semiconductor device according to the second aspect com 
prises the Steps of forming an amorphous Semiconductor 
film on a Substrate, performing a heat treatment in an 
atmosphere containing water vapor at a temperature causing 
no crystallization of the amorphous Semiconductor film 
thereby oxidizing its Surface, and removing an oxide film 
from the Surface of the semiconductor film. 

The second embodiment of the method of fabricating a 
Semiconductor device according to the Second aspect pref 
erably comprises the Steps of forming an amorphous Semi 
conductor film on a Substrate, performing a heat treatment in 
an atmosphere containing water vapor oxygen at a tempera 
ture causing no crystallization of the amorphous Semicon 
ductor film thereby oxidizing its Surface, and removing an 
oxide film from the Surface of the semiconductor film. 

The second embodiment of the method of fabricating a 
Semiconductor device according to the Second aspect pref 
erably further comprises a step of heat treating the amor 
phous Semiconductor film and crystallizing the Same. 

In the second embodiment of the method of fabricating a 
Semiconductor device according to the Second aspect, the 
heat treatment is performed by Solid-phase epitaxy or melt 
recrystallization. 

The second embodiment of the method of fabricating a 
Semiconductor device according to the Second aspect is 
preferably characterized in that the Semiconductor film is a 
silicon film. 
A thin film transistor according to the Second aspect of the 

present invention employs a Semiconductor film which is 
fabricated by the method according to the Second aspect as 
an active layer. 
A liquid crystal display according to the Second aspect of 

the present invention employs the aforementioned thin film 
transistor according to the Second aspect as a pixel driving 
element. 
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6 
A driver-integrated liquid crystal display according to the 

Second aspect of the present invention is a device compris 
ing a pixel part and a peripheral driving circuit part both of 
which are formed on the same Substrate, and employs the 
aforementioned thin film transistors according to the Second 
aspect as driving elements for the pixel part and the periph 
eral circuit part respectively. 
A photovoltaic device according to the Second aspect of 

the present invention employs a Semiconductor device 
which is fabricated by the method according to the Second 
aspect as a photovoltaic transmittance layer. 
A method of fabricating a thin film transistor according to 

the Second aspect of the present invention, which is adapted 
to fabricate a thin film transistor having a Semiconductor 
film prepared by forming an amorphous Semiconductor film 
on a Substrate and heat treating the amorphous Semiconduc 
tor film thereby crystallizing the same as an active layer, 
comprises the Steps of performing a heat treatment in an 
atmosphere containing water vapor, thereby crystallizing the 
amorphous Semiconductor film and oxidizing its Surface, 
and removing an oxide film from the Surface of the Semi 
conductor film. 
The method of fabricating a thin film transistor according 

to the Second aspect of the present invention, which is 
preferably adapted to fabricate a thin film transistor having 
a Semiconductor film prepared by forming an amorphous 
Semiconductor film on a Substrate and heat treating the 
amorphous Semiconductor film thereby crystallizing the 
Same as an active layer, comprises the Steps of performing 
a heat treatment in an atmosphere containing water vapor 
and oxygen, thereby crystallizing the amorphous Semicon 
ductor film and oxidizing its Surface, and removing an oxide 
film from the Surface of the semiconductor film. 
A first method of fabricating a photovoltaic device 

according to the second aspect of the present invention, 
which is adapted to fabricate a photovoltaic device having a 
Semiconductor film prepared by forming an amorphous 
Semiconductor film on a Substrate and heat treating the 
amorphous Semiconductor film thereby crystallizing the 
Same as a photovoltaic transmittance layer, comprises the 
Steps of performing a heat treatment in an atmosphere 
containing water vaporthereby crystallizing the amorphous 
Semiconductor film and oxidizing its Surface, and removing 
an oxide film from the Surface of the semiconductor film. 
A Second method of fabricating a photovoltaic device 

according to the Second aspect of the present invention, 
which is adapted to fabricate a photovoltaic device employ 
ing an amorphous Semiconductor film formed on a Substrate 
as a photovoltaic transmittance layer, comprises the Steps of 
performing a heat treatment in an atmosphere containing 
water vapor at a temperature causing no crystallization of 
the amorphous Semiconductor film thereby oxidizing its 
Surface, and removing an oxide film from the Surface of the 
Semiconductor film. 

In each of the first and Second methods of fabricating 
photovoltaic devices according to the Second aspect of the 
present invention, the heat treatment is preferably performed 
in an atmosphere containing water vapor and oxygen. 

Throughout the specification, the term “substrate” indi 
cates not only a Semiconductor Substrate or an insulating 
Substrate, but a Substrate having an underlayer on which a 
Semiconductor film is formed on its Surface. 

Further, the term “amorphous' may also indicate a micro 
crystalline State and a mixture State of microcrystalline and 
amorphous States. In addition, the Semiconductor film to 
which the present invention is applied is not restricted to a 
Silicon film, but includes a Semiconductor film of a com 
pound belonging to the group II-VI, III-V, IV-IV or the 
like. 
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According to the first aspect of the present invention, a 
Semiconductor film Such as a polycrystalline Silicon film 
having a further flattened Surface can be obtained as com 
pared with the conventional method, whereby the charac 
teristics of an element Such as a TFT employing this 
Semiconductor film can be improved. 

According to the Second aspect of the present invention, 
a Semiconductor film Such as a polycrystalline Silicon film 
having a Small content of oxygen which is an impurity can 
be readily formed also in a low temperature process in 
particular, whereby a Semiconductor film of high quality can 
be obtained with small crystal defects. 

The foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(e) illustrate steps of fabricating a thin film 
transistor according to a first embodiment of the present 
invention; 

FIGS. 2(f) to 2(i) illustrate steps of fabricating a thin film 
transistor following those shown in FIGS. 1(a) to 1(e); 

FIG. 3 is a characteristic diagram Showing Surface rough 
ness of a polycrystalline silicon film of the thin film tran 
sistor fabricated through the steps shown in FIGS. 1(a) to 
2(i); 

FIG. 4 is a gate Voltage VS. drain current characteristic 
diagram of the thin film transistor according to the first 
embodiment of the present invention; 

FIG. 5 is a block diagram showing the plane structure of 
a liquid crystal display to which the thin film transistor 
according to the first embodiment of the present invention is 
applied; 

FIG. 6 is an equivalent circuit diagram of a pixel region 
shown in FIG. 5; 

FIG. 7 illustrates the plane structure of the pixel region 
shown in FIGS. 5 and 6; 

FIG. 8 is a sectional view taken along the line A-A in 
FIG. 7; 

FIGS. 9(a) to 9(d) illustrate principal steps of fabricating 
a thin film transistor according to a Second embodiment of 
the present invention; 

FIG. 10 illustrates the structural principle of a heat 
treatment apparatus employed in a heat treatment Step 
included in FIGS. 9(a) to 9(d); 

FIG. 11 illustrates a temperature profile of a treatment 
applied to Experimental Example of the thin film transistor 
according to the Second embodiment of the present inven 
tion; 

FIG. 12 is a threshold Voltage characteristic diagram of a 
thin film transistor fabricated by the second embodiment; 

FIGS. 13(a) to 13(d) illustrate principal steps of fabricat 
ing a thin film transistor according to a third embodiment of 
the present invention; 

FIG. 14 illustrates a temperature profile of a heat treat 
ment applied to fabrication of the thin film transistor accord 
ing to the third embodiment of the present invention; 

FIGS. 15(a) to 15(d) illustrate steps of fabricating a solar 
cell according to a fourth embodiment of the present inven 
tion; 

FIG. 16 is a Schematic block diagram of a laser annealing 
device employed for melt recrystallization of an amorphous 
silicon film; 
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FIGS. 17(a) to 17(e) illustrate steps of fabricating a 

conventional thin film transistor, 
FIGS. 18(f) to 18(i) illustrate steps of fabricating the 

conventional thin film transistor following those shown in 
FIGS. 17(a) to 17(e); and 

FIG. 19 illustrates surface roughness of a polycrystalline 
silicon film of the thin film transistor fabricated by the 
conventional method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention are now described. 
The present invention provides a treatment or fabrication 

method which is related to improvement of the quality of a 
Semiconductor film Such as a polycrystalline Silicon film, for 
example, and is widely applicable to a Semiconductor device 
employing a Semiconductor film or an applied device 
thereof. A treatment or fabrication method in case of 
employing a polycrystalline film as a Semiconductor film is 
mainly described with reference to application to a liquid 
crystal display, a photovoltaic device etc. employing poly 
crystalline Silicon films as active layers. 
First Embodiment 
FIGS. 1(a) to 1(e) and 20?) to 2(i) are explanatory dia 

grams showing Steps of fabricating a thin film transistor of 
a first embodiment according to the first aspect of the present 
invention. Description is now made on the case of applying 
the present invention to Steps of fabricating a polycrystalline 
Silicon thin film transistor which is employed as a Switching 
element for each pixel of a pixel region of a liquid crystal 
display. 

First, a Semiconductor or insulating Substrate 1 is pre 
pared as shown in FIG. 1(a). The semiconductor substrate is 
formed by a Silicon Substrate or a gallium arsenide Substrate. 
On the other hand, the insulating Substrate includes a Sub 
Strate consisting of any insulating material Such as glass, 
quartz, heat-resistant glass, heat-resistant resin or ceramics, 
as well as a conductive Substrate of a metal or the like 
provided with an insulating film Such as a Silicon film on its 
Surface, and a Semiconductive Substrate provided with an 
insulating film Such as a Silicon oxide film on its Surface. 

Then, an amorphous Silicon film 2 is formed on the 
substrate 1 by plasma CVD as shown in FIG. 1(b), under the 
following conditions: 

Substrate Temperature: 500 to 600° C. 
Gas Flow Rate: 50 sccm for SiH and 40 sccm for HRF 

Power: 40 W 
The amorphous silicon film 2 can alternatively be formed 

by LP-CVD. In this case, film forming conditions are set as 
shown in Table 1, for example. 

TABLE 1. 

Raw Material Gas SiH, SiHe 

Pressure O.6 Torr O.6 Torr 
Substrate Temperature 580° C. 480° C. 
Gas Flow Rate 12O c/min. 8O ce/min. 
Film Forming Rate 60 A?min. 30 A/min. 

Then, a heat treatment is performed to epitaxially grow 
the amorphous Silicon film 2 in a Solid phase for obtaining 
a polycrystalline silicon film 3, as shown in FIG. 1(c). This 
Solid-phase epitaxy is made in an atmosphere containing gas 
4 containing oxygen element. The heat treatment conditions 
are set as follows: 
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Substrate Temperature: 500 to 650° C. 
Treatment Time: at least 10 hours 

The oxygen element-containing gas 4 is prepared from O2, 
O, CO, CO., NO, NO or the like, for example. This 
polycrystalline Silicon film 3 defines an active layer of a 
TFT. 

Thereafter a heat treatment is performed, in order to 
reduce crystal defects in the polycrystalline Silicon film 3. 
The heat treatment conditions depend on whether a high 
temperature process or a low temperature process is applied 
to fabrication of the polycrystalline silicon thin film tran 
Sistor. When a high temperature process is applied while 
employing heat-resistant glass or quartz as the material for 
the Substrate 1, for example, the heat treatment is performed 
in an N atmosphere at a temperature of 1050 C. for 0.5 
hours. When a low temperature proceSS is applied while 
employing ordinary glass as the material for the Substrate 1, 
on the other hand, the heat treatment is performed in an N 
atmosphere at a temperature of 500 to 650 C. for 10 hours. 

Further, a gate insulating film 5 is formed on the poly 
crystalline silicon film 3, as shown in FIG. 1(d). This gate 
insulating film 5 is formed by AP-CVD (atmospheric pres 
sure CVD), LP-CVD (low pressure CVD) or sputtering. 

In the case of AP-CVD, O gas and SiH gas are 
employed in the ratio O/SiH of 3 to 10, and the film is 
formed at a temperature of 400 to 450° C. In the case of 
LP-CVD, O gas and SiH gas are employed in the ratio 
O/SiH of 5 to 200, and the film is formed at a temperature 
of 400 to 450° C. In the case of sputtering, the film is formed 
under pressure of 5x10" to 5x10, Torr with RF power of 
300 W. 

Further, a polycrystalline silicon film is formed on the 
gate insulating film 5 by thermal CVD and patterned, 
thereby forming a gate electrode 6, as shown in FIG. 1(e). 
This gate electrode 6 may alternatively be prepared from a 
metal Such as aluminum or chromium, for example, by 
Vapor deposition or Sputtering. 

Further, holes 7 are formed in the gate insulating film 5 by 
anisotropic etching, as shown in FIG. 2(f). The polycrystal 
line silicon film 3 is doped with an n-type impurity 8 such 
as phosphorus by ion shower doping or the like, So that 
n-type drain and Source regions 9 and 10 are formed therein. 
At the same time, the gate electrode 6 is also doped with an 
n-type impurity Such as phosphorous. Thus, the gate elec 
trode 6 is reduced in resistance. 

Further, a Storage capacitive electrode 11 consisting of 
ITO or the like is formed on a pixel region of the substrate 
1, as shown in FIG. 2(g). Thereafter a gate wire 12 consist 
ing of a metal Such as molybdenum, metal Silicide, or 
polycrystalline Silicon is formed on the gate electrode 6 by 
Sputtering. 

Further, an interlayer insulating film 13 consisting of 
silicon nitride or the like is formed on the overall Surface of 
the substrate 1, as shown in FIG. 2(h). The interlayer 
insulating film 13 is partially removed by etching, thereby 
forming contact holes 14 on the drain region 9 and the 
Source region 10. 

Then, a pixel electrode 15 consisting of ITO is formed on 
the interlayer insulating film 13 which is located on a pixel 
part by Sputtering, as shown in FIG. 2(i). A part of the pixel 
electrode 15 is electrically connected with the Source region 
10 through the contact hole 14. Further, a conductive mate 
rial is formed on the overall Surface and thereafter patterned, 
So that a drain electrode 16 and a Source electrode 17 are 
formed to be connected with the drain region 9 and the 
Source region 10 respectively. 

Thus, a polycrystalline Silicon TFT Serving as a pixel 
driving element of an LCD is completed. 
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When the amorphous Silicon film is epitaxially grown in 

a Solid phase in the gas atmosphere containing oxygen 
elements shown in FIG. 1(c), irregularity of the surface of 
the crystallized polycrystalline Silicon film is reduced as 
compared with that formed by the conventional method, i.e., 
epitaxially grown in a Solid phase in an inert gas atmosphere. 

FIG. 3 is a characteristic diagram showing Surface rough 
ness of a polycrystalline film measured by AFM, in case of 
employing Silane (SiH) gas as raw material gas for forming 
an amorphous silicon film. As clearly understood from FIG. 
3, the Surface roughness of the polycrystalline Silicon film 
prepared in the aforementioned method is Substantially 
homogeneous, with a mean value of about 1.82 A. It is 
understood that this is an extremely Small value as compared 
with the conventional case shown in FIG. 19. 

FIG. 4 is a characteristic diagram showing the character 
istics of a TFT employing a polycrystalline film prepared by 
the aforementioned method. Referring to FIG. 4, the axis of 
abscissas Shows a gate Voltage which is applied to a gate 
electrode, and the axis of ordinates shows a drain current. 
The broken line shows the characteristics of a TFT fabri 
cated by the conventional method, and the Solid line shows 
those of the TFT fabricated by the aforementioned method. 
Comparing these characteristics with each other, the inven 
tive TFT has a high ON current and a low OFF current. Thus, 
it is understood that the inventive TFT exhibits excellent 
characteristics having a Small leakage current in an OFF 
State and a high driving current in an ON State as compared 
with those of the conventional TFT. 
A polycrystalline silicon TFT which is fabricated by the 

aforementioned method is Suitably employed as a pixel 
driving element for a pixel part of a transmission type LCD, 
for example. Therefore, the structure of a pixel part of a 
transmission LCD is now described. FIG. 5 is a block 
diagram showing the Structure of an active matrix LCD. The 
LCD comprises a pixel part 23, a drain driver 26, and a gate 
driver 25. Gate wires G1 . . . Gm, Gm+1 . . . Gi and drain 
wires D1 ... Dn, Dn+1 ... Dare arranged on the pixel part 
23. The gate wires and the drain wires intersect with each 
other, So that pixels 24 are provided on the interSections 
therebetween respectively. The gate wires are connected to 
the gate driver 25 So that a gate Signal is applied thereto from 
the gate driver 25, while the drain wires are connected to the 
drain driver 26 So that a data Signal is applied thereto from 
the drain driver 26. A peripheral driving circuit is formed by 
the drain driver 26 and the gate driver 25. At least one of the 
drain driver 26 and the gate driver 25 is formed on the same 
Substrate as the pixel part 23. An LCD having Such a 
Structure is called a driver-integrated LCD. 

FIG. 6 is an equivalent circuit diagram of each pixel 24 
provided on each interSection between each gate wire and 
each drain wire. FIG. 7 is a concrete plan sectional view of 
a portion around the pixel part, and FIG. 8 is a Sectional view 
taken along the line A-A in FIG. 7. As shown in FIGS. 6 
to 8, the pixel 24 is formed by a TFT 20 serving as a pixel 
driving element, a liquid crystal cell LC and an auxiliary 
capacitance CS. The TFT20 has a gate G which is connected 
with a gate wire Gm, and a drain D which is connected with 
a drain wire Dn. The TFT 20 further has a source S which 
is connected with a display electrode and a Storage capaci 
tive electrode of the liquid crystal cell LC. A signal Storage 
element is formed by the liquid crystal cell LC and the 
auxiliary capacitance CS. 
When the gate wire Gm is Set at a positive Voltage So that 

the positive voltage is applied to the gate G of the TFT 20 
in the pixel 24 having the aforementioned structure, the TFT 
20 enters an ON State. Thus, an electrostatic capacitance of 
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the liquid crystal cell LC and the auxiliary capacitance CS 
are charged by a data Signal which is applied to the drain 
wire Dn. When a negative Voltage is applied to the gate wire 
Gm, on the other hand, the TFT 20 enters an OFF state and 
a Voltage being currently applied to the drain wire Dn is held 
by the electroStatic capacitance of the liquid crystal cell LC 
and the auxiliary capacitance CS. Thus, an arbitrary data 
Signal can be held in the pixel 24 by Supplying the data 
signal to be written therein to the drain wire Dn and 
controlling the applied Voltage of the gate wire Gn. The 
transmittance of the liquid crystal cell LC is varied with the 
data Signal held in the pixel 24, So that an image is displayed. 

In the LCD, as hereinabove described, a pixel region and 
a peripheral driving circuit employing polycrystalline TFTS 
are formed on a Substrate of glass or quartz. In Such an LCD, 
a high temperature fabrication proceSS or a low temperature 
fabrication proceSS is employed in response to heat resis 
tance of the material for the Substrate. In case of the low 
temperature fabrication process, the Substrate is formed by 
a glass Substrate etc. having low heat resistance. When a 
high temperature treatment Step is carried out in the fabri 
cation process, therefore, the Substrate of glass or the like is 
thermally deformed or warped. Therefore, the process of 
forming the polycrystalline TFT on the substrate must be 
performed under a low temperature of 500 to 650 C., for 
example. Therefore, a polycrystalline Silicon film which is 
formed under an atmosphere containing oxygen element by 
Solid-phase epitaxy at a low temperature according to the 
present invention is suitable for an LCD to which such a low 
temperature proceSS is required in particular. 
Second Embodiment 

FIGS. 9(a) to 9(d) are explanatory diagrams showing 
Steps of fabricating a thin film transistor of a Second embodi 
ment according to the Second aspect of the present invention. 
The second embodiment is different from the first embodi 
ment in a Solid-phase epitaxy process of crystallizing an 
amorphous Silicon film into a polycrystalline Silicon film. 
Therefore, the steps shown in FIGS. 9(a) to 9(d) are sub 
stitutional for the fabrication process shown in FIGS. 1(a) to 
1(c) in relation to the first embodiment. 
The Steps of forming a polycrystalline Silicon film on a 

Substrate are now described. 
First, a Semiconductor or insulating Substrate 1 is pre 

pared as shown in FIG. 9(a). The semiconductor substrate is 
formed by a Silicon Substrate or a gallium arsenide Substrate. 
On the other hand, the insulating Substrate includes a Sub 
Strate consisting of any insulating material Such as glass, 
quartz, heat-resistant glass, heat-resistant resin or ceramics. 
Further, a conductive Substrate of a metal or the like which 
is provided with an insulating film Such as a Silicon film on 
its Surface, or a Semiconductive Substrate which is provided 
with an insulating film Such as a Silicon oxide film on its 
Surface is also applicable. 

Then, an amorphous Silicon film 2 is formed on the 
substrate 1 by LP-CVD, as shown in FIG. 9(b). The condi 
tions shown in Table 1 are Set as the film forming conditions 
Similarly to the first embodiment, for example. 

Alternatively, the amorphous Silicon film 2 can be formed 
by plasma CVD. In this case, film forming conditions are Set 
as follows, for example: 

Substrate Temperature: 500 to 600° C. 
Gas Flow Rate: 50 sccm for SiH and 40 sccm for H 
RF power: 40 W 
Further, a heat treatment is performed to epitaxially grow 

the amorphous Silicon film 2 in a Solid phase, for obtaining 
a polycrystalline silicon film 3, as shown in FIG. 9(c). 

FIG. 10 is a block diagram showing the structure of an 
apparatus which is employed for this heat treatment in 
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principle. The substrate 1 which is provided with the amor 
phous silicon film 2 is introduced into a silica tube 61. 
Heaters 62 are provided around the silica tube 61, for 
heating and maintaining the Substrate 1 to and at a prescribed 
temperature. An inlet tube 71 is connected to an end of the 
Silica tube 61, for introducing prescribed gas etc. into the 
Same. Further, a plurality of inlet tubes are further connected 
to the inlet tube 71. In the example shown in FIG. 10, an 
oxygen inlet tube 65 for introducing oxygen, a wet oxygen 
inlet tube 64 for introducing wet oxygen, and a nitrogen gas 
inlet tube 66 for introducing nitrogen gas are connected to 
the inlet tube 71. The nitrogen gas inlet tube 66 is not 
particularly necessary in the present invention, but is 
employed for a comparison test as described later. Further, 
a wet oxygen generator 67 is provided on an intermediate 
portion of the wet oxygen inlet tube 64. In this wet oxygen 
generator 67, a heater 68 is provided around a vessel holding 
pure water 69. Oxygen gas which is supplied from the wet 
oxygen inlet tube 64 is discharged into the pure water and 
heated by the heater 68, so that oversaturated water vapor 
which is present in an upper portion of the vessel is mixed 
with discharged oxygen to form wet oxygen 70. The wet 
oxygen 70 is introduced into the silica tube 61 through the 
inlet tube 71. 
The heat treatment Step which is carried out through the 

aforementioned apparatus is set under the following condi 
tions: 

First, wet oxygen is introduced into the Silica tube 61 as 
Solid-phase epitaxy atmosphere gas. This wet oxygen is 
preferably in an oversaturated State. If the content of water 
Vapor is about Several ppm to Several %, however, the rate 
of formation of an oxide film on the Surface of the amor 
phous Silicon film 2 is retarded. Therefore, the oversaturated 
State is properly decided in consideration of efficiency in 
fabrication etc. 
The Substrate temperature is Selected in a temperature 

range exceeding a temperature which is necessary for epi 
taxially growing the amorphous Silicon film 2 in a Solid 
phase while causing no thermal distortion of the Substrate 
etc. For example, the Substrate temperature is Set the range 
of 500 to 600° C. The heat treatment time, which is varied 
with the Substrate temperature, is Set at a time capable of 
Sufficiently growing grains of the polycrystalline Silicon film 
which is epitaxially grown in a Solid phase, in the range of 
about 10 to 20 hours, for example. 
When the heat treatment is performed under the afore 

mentioned conditions, Solid-phase epitaxy of the amorphous 
Silicon film 2 is started So that growth of crystal grains is 
started, as shown in FIG. 9(c). At this time, formation of an 
oxide film 30 is started on the surface of the amorphous 
Silicon film 2 which is exposed to the wet oxygen atmo 
sphere. A silicon oxide film which is richer in Si than a 
stoichiometric ratio is formed as the oxide film, whereby 
oxygen which has been contained in the amorphous Silicon 
film 2 are attracted toward the Surface Side and incorporated 
in the oxide film 30. Consequently, the Oxygen concentration 
in the crystallized silicon film is reduced. Due to this 
phenomenon, a polycrystalline Silicon film 3 having 
extremely Small oxygen concentration can be obtained. 
The Solid-phase epitaxy can be performed not only under 

the wet oxygen atmosphere but under a water vapor atmo 
Sphere containing gas containing oxygen element of CO, 
O or NO, or inert gas Such as nitrogen, argon or xenon. 

Thereafter a heat treatment is performed, in order to 
reduce crystal defects in the polycrystalline Silicon film 3. 
The head treatment conditions depend on whether a high 
temperature proceSS or a low temperature process is applied 
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to fabrication of the polycrystalline silicon thin film tran 
sistor. When the Substrate 1 is prepared from heat resistant 
glass or quartz with application of a high temperature 
process, for example, the heat treatment is performed in an 
N atmosphere at a temperature of 1050 C. for 0.5 hours. 
When the substrate 1 is prepared from ordinary glass or the 
like with application of a low temperature process, on the 
other hand, the heat treatment is performed in an N atmo 
sphere at a temperature of 500 to 650 C. for 10 hours. Due 
to this treatment, crystal defects caused in the polycrystal 
line silicon film 3 which is formed by solid-phase epitaxy 
can be removed to attain high quality. When the heat 
treatment is performed at a high temperature of 1050 C. in 
the high temperature process, oxygen is additionally incor 
porated in the oxide film 30 from the crystallized film 
following the Solid-phase epitaxy Step, whereby the oxygen 
concentration in the polycrystalline Silicon film 3 can be 
further reduced. 

Further, the oxide film 30 which is formed on the Surface 
of the polycrystalline silicon film 3 through the aforemen 
tioned heat treatment Step is removed by wet etching with 
hydrofluoric acid or the like, as shown in FIG. 9(d). Thus, 
the polycrystalline silicon film 3 which is formed on the 
Substrate 1 can be extremely reduced in concentration of 
oxygen Serving as an impurity. This polycrystalline Silicon 
film 3 is employed as an active layer of the TFT which is 
fabricated through the steps shown in FIGS. 2(d) to 2(i). 

In relation to the fabrication process for a thin film 
transistor according to the Second embodiment, two experi 
ments were carried out as follows: 
First Experimental Example 

First, an amorphous Silicon film was formed on a Substrate 
by LP-CVD, under the film forming conditions shown in 
Table 1. 

Then, the amorphous Silicon film was epitaxially grown in 
a Solid phase under heat treatment conditions shown in Table 
2. 

TABLE 2 

Item Condition 

Temperature 6OO C. 
Time 20 hours 
Atmosphere Oxygen 4 ?min. 

Wet Oxygen 0.3/min. 
Pressure 76O Torr 

The heat treatment was performed through the apparatus 
shown in FIG. 10. Oxygen was mixed with wet oxygen 
which was prepared by the wet oxygen generator in the flow 
rates shown in Table 2, and introduced into the silica tube 61. 

FIG. 11 illustrates a temperature profile of the heat 
treatment. As shown in FIG. 11, the interior of the silica tube 
61 was heated and kept in the heated State when the substrate 
temperature reached 600 C., to make Solid-phase epitaxy 
for 20 hours. Thereafter a heat treatment was performed in 
an N atmosphere at a temperature of 600° C. for 50 hours. 
Consequently, a silicon oxide film of about 300 A was 
formed on the Surface of a crystallized polycrystalline 
silicon film. This silicon oxide film was removed by wet 
etching with hydrofluoric acid. AS to the polycrystalline 
Silicon film obtained in this manner, oxygen concentration 
and crystal defects in the film were investigated. For the 
purpose of comparison, a conventional polycrystalline Sili 
con film which was obtained by Solid-phase epitaxy under 
an N2 atmosphere was also Subjected to Similar investiga 
tion. Tables 3 and 4 show results in relation to raw material 
gas of Silane and disilane respectively. 
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TABLE 3 

Raw Material Gas: SiH, 

Solid-Phase Epitaxy 
Atmosphere 

Wet O. (First 
N Experimental 

(Prior Art) Example) 

Number of Crystal 4.0 x 10' 2.3 x 10 
Defects'' 
(spin/cm) 
Oxygen 1.0 x 101 7.0 x 101 
Concentration? 

(cm) 

'obtained by ESR 
obtained by SIMS 

TABLE 4 

Raw Material Gas: Si-H 

Solid-Phase Epitaxy 
Atmosphere 

Wet O. (First 
N Experimental 

(Prior Art) Example) 

Number of Crystal 4.0 x 10' 3.0 x 10' 
Defects' 
(spin/cm) 
Oxygen 1.0 x 101 <0.9 x 10 
Concentration' 
(cm) 

'obtained by ESR 
obtained by SIMS 

It has been proved that the oxygen concentration was 
below the limit of detection of a detector by SIMS in relation 
to each of Silane and disilane, and the number of crystal 
defects in the film was remarkably reduced in response 
thereto. 

Further, TFTs were prepared from the polycrystalline 
silicon films which were obtained in the aforementioned 
manners, and Subjected to investigation of the characteris 
tics. FIG. 12 is a characteristic diagram showing relations 
between threshold voltages of the TFTs according to the 
conventional method and the above Experimental Example 
and hydrogen plasma treatment times. AS understood from 
FIG. 12, the threshold voltage was reduced to a desired value 
by a short-time hydrogen plasma treatment in the TFT 
according to Experimental Example, while it took a long 
time for the hydrogen plasma treatment in the conventional 
TFT and its threshold value was higher than that of Experi 
mental Example. This is because the number of the crystal 
defects was reduced in the polycrystalline Silicon film 
according to Experimental Example which was applied to an 
active layer. Table 5 shows Such improvement in character 
istics of the TFT with other parameters. 
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TABLE 5 

Second 
Prior Art Embodiment 
(N) (Wet O.) 

Mobility (cm/Vs) 8.0 35 
Vth (V) about 7.0 2.O 
S Value (V/dec.) 1.6 0.27 

It is understood from Table 5 that the carrier mobility was 
improved, the threshold Voltage was reduced and a Sub 
threshold Swing value (S value) was reduced after a hydro 
gen plasma treatment of 3 hours in the TFT according to 
Experimental Example. Thus, a TFT having a high response 
Speed which was drivable at a low Voltage was obtained. 
Second Experimental Example 

This Experimental Example is different from first Experi 
mental Example in a point that a high-temperature heat 
treatment was performed in an N2 atmosphere after Solid 
phase epitaxy. 

First, an amorphous Silicon film was formed on a quartz 
glass Substrate by LP-CVD under film forming conditions 
shown in Table 6. 

TABLE 6 

Raw Material Gas SiHe 

Pressure O.6 Torr 
Substrate Temperature 48O. C. 
Gas Flow Rate 80 ccfmin. 
Film Forming Rate 30 A/min. 

Then, an amorphous Silicon film was epitaxially grown in 
a Solid phase under the heat treatment conditions shown in 
Table 2, with employment of the apparatus shown in FIG. 
10. Oxygen and wet oxygen which was prepared by the wet 
oxygen generator were mixed with each other in the flow 
rates shown in Table 2, and introduced into the silica tube 61. 

Further, the interior of the silica tube 61 was heated along 
the temperature profile shown in FIG. 11, and kept in the 
heated State when the substrate temperature reached 600 C., 
to make Solid-phase epitaxy for 20 hours. Thereafter a heat 
treatment was performed in an N2 atmosphere at a tempera 
ture of 1050 C. for 0.5 hours. Consequently, a silicon oxide 
film of about 300 A was formed on a crystallized polycrys 
talline silicon film. This silicon oxide film was removed by 
wet etching with hydrofluoric acid. 

For the purpose of comparison, a polycrystalline Silicon 
film was formed by the following conventional method: An 
amorphous Silicon film was formed on a quartz glass Sub 
Strate and thereafter epitaxially grown in a Solid phase in an 
Natmosphere at a temperature of 600 C. for 20 hours, to 
form a polycrystalline Silicon film. Further, a heat treatment 
was performed in an oxygen atmosphere at a temperature of 
1000 C. for 0.5 hours, and thereafter an oxide film which 
was formed on the Surface was removed, to obtain the 
polycrystalline Silicon film. 
As to the polycrystalline silicon film which was obtained 

in the aforementioned manner, oxygen concentration and 
crystal defects in the film were investigated. Table 7 shows 
the results. 
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TABLE 7 

Solid-Phase Epitaxy 
Atmosphere 

Wet O. (Second 
N Experimental 

(prior Art) Example) 

Crystal Defect 7.8 x 1018 <5 x 107 
Density' (cm) 
Oxygen 2.0 x 1018 <9.0 x 107 
Concentration? 
(cm) 

'obtained by ESR 
obtained by SIMS 

As clearly understood from Table 7, it has been proved 
that the oxygen concentration of the inventive polycrystal 
line silicon film was below the limit of detection of a 
detector by SIMS and the number of crystal defects in the 
film was remarkably reduced as compared with the conven 
tional example. 

Further, TFTs were fabricated by the polycrystalline sili 
con films obtained in the aforementioned manner, and 
Subjected to investigation of the characteristics. Table 8 
shows the results. The TFTs were 5um in gate width W and 
5 um in gate length L, with Single gate Structures. 

TABLE 8 

Prior Art Second Experimental 
(N) Example (Wet O.) 

Mobility (cm/Vs) 160 18O 
Vth (V) 1 to 2 0.5 to 1.0 
S Value (V/dec.) O.2 O.15 

It is understood from Table 8 that the carrier mobility was 
improved, the threshold Voltage was reduced and the Sub 
thresholdswing value (S value) was reduced in the inventive 
TFT. Thus, a TFT having a high response speed which was 
drivable at a low voltage was obtained. 
Third Embodiment 
A third embodiment according to the Second aspect of the 

present invention is now described. 
While the removal of oxygen which is an impurity in the 

film and the Solid-phase epitaxy of the amorphous Silicon 
film are simultaneously carried out by a single heat treat 
ment in the aforementioned method according to the Second 
embodiment, these StepS may alternatively be carried out 
independently of each other. FIGS. 13(a) to 13(d) are 
explanatory diagrams showing Steps of fabricating a poly 
crystalline Silicon film by Such a method. 
The steps shown in FIGS. 13(a) and 13(b) are similar to 

those of the second embodiment described with reference to 
FIGS. 9(a) and 9(b), and hence redundant description is 
omitted. 

Following these Steps, a heat treatment is performed at a 
low temperature causing no crystallization of an amorphous 
Silicon film 2 to be capable of removing oxygen from the 
film in this embodiment, as shown in FIG. 13(c). In this case, 
heat treatment conditions are Set as follows: 

First, wet oxygen is employed as the atmosphere gas, 
Similarly to the Second embodiment. The heat treatment can 
also be performed in a wet atmosphere containing water 
Vapor and O, O, or NO. A Substrate temperature is Set at 
a low temperature level causing no Solid-phase epitaxy of 
the amorphous Silicon film 2 in a temperature range capable 
of forming an oxide film 31 on its Surface. For example, this 



US 6,329,269 B1 
17 

temperature is set in the range of 500 to 580 C. The heat 
treatment time is set at about 10 to 20 hours. 
When the heat treatment is performed under such 

conditions, oxygen contained in the amorphous Silicon film 
2 is incorporated in the oxide film 31 in the process of 
formation of the oxide film 31 on the Surface of the amor 
phous Silicon film 2 Similarly to the Second embodiment, 
whereby the oxygen concentration in the amorphous Silicon 
film 2 is reduced. 

Further, the amorphous silicon film 2 is crystallized into 
a polycrystalline Silicon film 3 by general Solid-phase 
epitaxy, as shown in FIG. 13(d). Thereafter the oxide film 31 
which is formed on its Surface is removed by wet etching or 
the like. Thus, the polycrystalline silicon film 3 can be 
extremely reduced in oxygen concentration. In this step, the 
amorphous Silicon film 2 may alternatively be epitaxially 
grown in a Solid phase after the oxide film 31 is previously 
removed. Further, the polycrystalline silicon film 3 can be 
obtained from the amorphous silicon film 2 by melt recrys 
tallization. This melt recrystallization is adapted to melt and 
recrystallize only the Surface of the amorphous Silicon film 
2 while maintaining the substrate temperature below 600 
C., and includes laser annealing and RTA (rapid thermal 
annealing). The laser annealing is adapted to irradiate the 
surface of the amorphous silicon film 2 with a laser beam for 
heating/melting the Same. The RTA is adapted to irradiate 
the Surface of the amorphous Silicon film 2 with a lamp beam 
for heating/melting the same. The polycrystalline Silicon 
film 3 which is prepared by Such a method is employed as 
an active layer for a TFT which is fabricated by the Subse 
quently performed steps shown in FIGS. 1(d) to 2(i). 

Also in relation to the third embodiment, an experiment of 
measuring impurity concentration after a heat treatment was 
performed, similarly to the second embodiment. FIG. 14 
illustrates a temperature profile in the heat treatment of the 
amorphous Silicon film in this experiment. In this 
experiment, the Substrate temperature was maintained at 
575 C. for 20 hours. At this temperature, no crystallization 
of amorphous Silicon was caused while the Surface of the 
amorphous Silicon film was oxidized under a wet oxygen 
atmosphere, to form an oxide film. For the purpose of 
comparison, a heat treatment under a nitrogen atmosphere 
was performed similarly to the prior art. Table 9 shows 
results of analyzing concentration of impurities in amor 
phous silicon films after heat treatments through SIMS 
analysis. 

TABLE 9 

Impurity Prior Art Third Embodiment Before Heat 
(cm) (N) (Wet O.) Treatment 

Carbon 5 x 1017 5 x 1017 5 x 1017 
Oxygen 1 x 101 <1 x 10 1 x 101 
Nitrogen 1 x 107 1 x 107 1 x 107 

It is clearly understood from Table 9 that the oxygen 
concentration was remarkably reduced below the limit of 
detection after the heat treatment in the inventive Experi 
mental Example. A polycrystalline Silicon film which is 
obtained by polycrystallizing Such an amorphous Silicon 
film having extremely low oxygen concentration also has 
low oxygen concentration, whereby an excellent polycrys 
talline Silicon film having a Small number of crystal defects 
can be obtained. 
Fourth Embodiment 
A fourth embodiment according to the Second aspect of 

the present invention is now described. 
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FIGS. 15(a) to 15(d) are sectional views showing steps of 

fabricating a Solar cell (photovoltaic device) according to the 
fourth embodiment of the present invention. The fabrication 
process for a polycrystalline Silicon film according to the 
Second aspect of the present invention is also applicable to 
a polycrystalline Silicon electrode for a Solar cell, as here 
after described. The Steps of fabricating a Solar cell are now 
described with reference to FIGS. 15(a) to 15(d). 

First, an n-type amorphous silicon film 51 which is doped 
with phosphorus (P) and a non-doped amorphous Silicon 
film 52 are continuously formed on a surface of a substrate 
50 consisting of a high melting point metal by plasma CVD 
or the like, as shown in FIG. 15(a). 

Then, a heat treatment is performed in a wet oxygen 
atmosphere, to epitaxially grow the n-type amorphous Sili 
con film 51 and the non-doped amorphous silicon film 52 in 
a solid phase, as shown in FIG. 15(b). This heat treatment 
Step can be performed under conditions similar to those for 
the heat treatment in the second or third embodiment. 
When the heat treatment is performed under conditions 

Similar to those in the Second embodiment, the n-type and 
non-doped amorphous silicon films 51 and 52 are epitaxially 
grown in a Solid phase into polycrystalline Silicon films 51a 
and 52a respectively. A thin oxide film is formed on the 
non-doped polycrystalline silicon film 52a. This oxide film 
is removed from the Surface of the non-doped polycrystal 
line silicon film 52a by wet etching or the like. 
When the heat treatment is performed under conditions 

similar to those in the third embodiment, on the other hand, 
oxygen contained in the amorphous silicon films 51 and 52 
are incorporated in an oxide film which is formed on the 
surface of the non-doped amorphous silicon film 52 in the 
process of oxidation thereof, whereby oxygen concentration 
in the films is reduced. Subsequently or after removal of the 
oxide film, the amorphous silicon films 51 and 52 are 
crystallized into the polycrystalline silicon films 51a and 
52a respectively through Solid-phase epitaxy, melt recrys 
tallization or the like. 

Further, a p-type amorphous silicon film 53 which is 
doped with a p-type impurity Such as boron (B) is formed by 
plasma CVD or the like, as shown in FIG. 15(c). Then, a heat 
treatment is performed in a wet oxygen atmosphere or an N 
atmosphere, to form a polycrystalline Silicon film 53a, as 
shown in FIG. 15(d). 

Further, a transparent electrode 54 of ITO or the like is 
formed on the p-type polycrystalline Silicon film 53a, as 
shown in FIG. 15(d). A prescribed wire is connected to 
complete a Solar cell. 

Also in the Solar cell which is formed through the afore 
mentioned Steps, polycrystalline Silicon films forming the 
respective layers of a pin Structure, at least that forming an 
in layer, are reduced in oxygen concentration, whereby 
crystal defects in the films are reduced. Thus, a Solar cell 
having excellent photoelectric conversion efficiency can be 
obtained. 
Modifications of First, Second and Fourth Embodiments 
While the polycrystalline silicon film is formed by epi 

taxially growing the amorphous Silicon film in a Solid phase 
in a wet oxygen atmosphere in each of the StepS shown in 
FIGS. 1(c), 9(c) and 15(b) in the first, second and fourth 
embodiments, melt recrystallization may alternatively be 
employed in place of the Solid-phase epitaxy. Laser anneal 
ing or RTA is employed as the melt recrystallization. For 
example, FIG. 16 is a Schematic block diagram showing a 
laser annealing device 80 which enables introduction of wet 
oxygen. The laser annealing device 80 is provided in a vessel 
84 with a stage 86 for receiving and heating a substrate 87. 
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Further, the vessel 84 is provided with an inlet tube 88 for 
introducing wet oxygen into its interior and an outlet tube 89 
for discharging internal gas. The surface of the substrate 87 
is irradiated with a laser beam which is emitted from an 
excimer laser 81 thorough a mirror 82, a beam homogenizer 
83 and a quartz window 85. Thus, an amorphous silicon film 
which is formed on the Surface of the Substrate 87 is melted 
and recrystallized. In this case, annealing conditions are Set 
as follows, for example: 

Light Source: XeF of ArF excimer laser 
Energy Density: 100 to 300 m.J/cm’ 
Substrate Temperature: <600° C. 
Atmosphere: wet oxygen atmosphere (oversaturated 

State) 
Flow Rate: 3 1/min. 
After the melt recrystallization Step, a heat treatment may 

be performed in an N2 atmosphere as described above, to 
reduce the number of crystal defects in the polycrystalline 
Silicon film. In this case, the above heat treatment is also 
preferably performed at a low temperature considering that 
the melt recrystallization Step is a low temperature process, 
while the heat treatment may alternatively be performed at 
a high temperature of about 1000 C. 
When RTA is employed as the melt recrystallization, an 

Xe lamp may be mounted on an upper part of the quartz 
window 85 in the device shown in FIG. 16. A lamp input is 
set at a level of about below 600 W and the Substrate 
temperature is set at about 500 to 600 C., for melting and 
recrystallizing the amorphous Silicon film thereby obtaining 
a polycrystalline Silicon film. Thereafter a heat treatment 
Step can be performed Similarly to the above. 
A polycrystalline silicon film which is fabricated by the 

inventive process or a TFT employing the polycrystalline 
Silicon film is applicable to various devices which are 
fabricated through low temperature processes, in particular. 
Thus, the same can be applied not only to an LCD but to a 
Switching element for a CCD (charge-coupled device), an 
SRAM (static random access memory) and the like. Also 
when occurrence of a defect Such as migration may result 
from crystal defects in a film in a polycrystalline Silicon wire 
or the like, the fabrication process for a polycrystalline 
Silicon film according to the present invention and the 
polycrystalline Silicon film fabricated by this proceSS can be 
employed. 

While a polycrystalline silicon film is employed as a 
Semiconductor film in each of the aforementioned 
embodiments, the present invention is also applicable to 
Semiconductor films of compounds belonging to the groups 
II-VI, III-V, IV-IV and the like. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A method of treating an amorphous Semiconductor film 

to reduce impurity concentration therein, comprising Simul 
taneously heating and oxidizing a Surface of Said amorphous 
Semiconductor film in an atmosphere containing wet oxygen 
to crystallize Said amorphous Semiconductor film to be a 
polycrystalline film and Simultaneously form an oxide film 
on Said Surface So that impurity concentration in Said Semi 
conductor film is reduced, and removing the thus formed 
oxide film from Said Surface, wherein the impurity is oxy 
gen. 
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2. A method of treating an amorphous Semiconductor film 

in accordance with claim 1, wherein Said amorphous Semi 
conductor film is crystallized by Solid-phase epitaxy or melt 
recrystallization. 

3. The method of treating a Semiconductor film in accor 
dance with claim 1, wherein Said Semiconductor film is a 
silicon film. 

4. A method of fabricating a Semiconductor device with 
reduced impurity concentration therein, comprising the Steps 
of: 

forming an amorphous Semiconductor film on a Substrate; 
Simultaneously heating and oxidizing a Surface of Said 

amorphous Semiconductor film in an atmosphere con 
taining wet oxygen, thereby crystallizing Said amor 
phous Semiconductor film to be a polycrystalline film 
and Simultaneously forming an oxide film on an 
exposed Surface of Said Semiconductor film and reduc 
ing impurity concentration in Said Semiconductor film; 
and 

removing Said oxide film formed on Said Surface of Said 
Semiconductor film, wherein the impurity is Oxygen. 

5. The method of fabricating a semiconductor device in 
accordance with claim 4, wherein Said amorphous Semicon 
ductor film is crystallized by Solid-phase epitaxy or melt 
recrystallization. 

6. The method of fabricating a semiconductor device in 
accordance with claim 4, wherein Said Semiconductor film is 
a Silicon film. 

7. A method of fabricating a thin film transistor having a 
Semiconductor film with reduced impurity concentration as 
an active layer, said semiconductor film being obtained by 
forming an amorphous Semiconductor layer on a Substrate 
and heat treating Said amorphous Semiconductor film, 
thereby crystallizing Said amorphous Semiconductor film, 
and Said method comprising the Steps of 

performing a heat treatment in an atmosphere containing 
water oxygen, thereby crystallizing Said amorphous 
Semiconductor layer to be a polycrystalline film, and 
Simultaneously oxidizing a Surface thereof to form an 
Oxide film on Said Surface while reducing impurity 
concentration in Said Semiconductor layer; and 

removing Said oxide film from Said Surface of Said Semi 
conductor film, wherein the impurity is oxygen. 

8. A method of fabricating a photovoltaic device having a 
Semiconductor film as a photovoltaic transmittance layer, 
Said Semiconductor film having a reduced impurity concen 
tration therein and being obtained by forming an amorphous 
Semiconductor film on a Substrate and heat treating Said 
amorphous Semiconductor film thereby crystallizing Said 
amorphous Semiconductor film, and Said method comprising 
the Steps of: 

heat treating Said amorphous Semiconductor film in an 
atmosphere containing wet oxygen, thereby crystalliz 
ing Said amorphous Semiconductor film to be a poly 
crystalline film, reducing impurity concentration in Said 
Semiconductor film and Simultaneously oxidizing a 
Surface thereof to form an oxide film on Said Surface; 
and 

removing Said oxide film from Said Surface of Said Semi 
conductor film, wherein the impurity is oxygen. 


